1 Mannuronan C5-epimerases (ManC5-Es) catalyse in brown algae the remodelling of alginate, 
alginates with different patterns of GG-block distribution. Moreover, the diversity of enzymes 1 present in brown algae to remodel the algal cell wall polysaccharide, is much larger than that 2 found in bacterial alginate synthetizing systems ). It can thus be assumed 3 that these algal enzymes could be used to produce alternative "tailor-made alginates" with 4 novel physico-chemical properties 5 Heterologous expression of algal genes is notoriously difficult and has presented a 6 bottleneck in projects aiming at characterising enzymes of macroalgal origins (Groisillier et 7 al. 2010, Kurland and Gallant 1996) . Recent access to the first genome sequence of a brown 8 alga ) allowed the identification of all the genes shaping the ManC5-E 9 family in Ectocarpus. By providing multiple targets, it opened a new door toward the 10 expression of recombinant ManC5-Es. We took advantage of a medium throughput strategy 11 we recently developed for protein expression (Groisillier et al. 2010) , to heterologously 12 express the ManC5-Es from Ectocarpus. Our work has generated the first recombinant and assemble and we thus speculate that these domains might play a role in structuring these 6 proteins within the cell wall. shows the mosaic structure of all the ManC5-E genes included in the tree. The average gene 6 length of ManC5-E genes is larger than the total average gene length in Ectocarpus ( Table   7 1A). In addition most ManC5-E genes possess more than 9 introns, with the average intron 8 number being nearly twice that of the other Ectocarpus genes. The most common system for 9 getting recombinant proteins used bacterial strains derived from Escherichia coli. The
10
ManC5-E genes from Ectocarpus were examined regarding the codon usage preference: three 11 of the 5 rare codons for E. coli show critical relative adaptiveness values (Table 1B) . All these 12 characteristics are likely to render heterologous expression of the ManC5-E genes difficult 13 and we payed special attention during the process (described below) to overcome this 14 problem.
16
Expression, purification and refolding of the mannuronan C5-epimerase MEP13 17 Although different strategies were used (e.g. E. coli strains, mammalian cells, in vitro assays), 18 our previous attempts during the past fifteen years to express two putative ManC5-Es from Figure S3A) , and our efforts in getting an active 6 recombinant ManC5-E were subsequently focused on this specific target. In order to 7 overcome a codon usage preference in E. coli strains, we used a codon-optimized sequence of 8 MEP13-C5, the latter one being designated MEP13-C5 syn (Table 1B and higher cell density and consequently in a higher amount of inclusion bodies. In order to 13 increase our chances of getting recombinant proteins, we included two additional E. coli 14 strains developed for the expression of toxic protein or rare codon containing genes. Usage of 15 E. coli Rosetta-gami2(DE3)pLysS produced larger and more significant inclusion bodies than 16 E. coli BL21CodonPlus(DE3)RIPL. This discrepancy might be due to the different growth 17 rates of these strains. Rosetta-gami2(DE3)pLysS grows more slowly than 18 BL21CodonPlus(DE3)RIPL and incubation overnight seems to be more suitable to obtain the 19 targeted protein expression with this strain.
20
The heterologous expression of MEP13-C5 in E. coli Rosetta-gami2(DE3)pLysS Figure S6) .
6
The refolded MEP13-C5 shows a mannuronan C5-epimerase activity 7 The activity of the refolded MEP13-C5 was monitored by measuring the change of M/G ratio which patterns are preferentially recognized and which are produced by the enzyme.
19
An additional activity assay, using a GG-specific alginate lyase (AlyA1; Thomas et al. isolate full length cDNAs from a brown alga (Laminaria digitata) displaying similarity with 7 bacterial mannuronan C5-epimerase genes. They proposed that these genes encoded 8 functional ManC5-Es involved in the terminal step of alginate biosynthesis in brown algae.
9
Analysis of the genomic sequence of Ectocarpus provided candidate genes for the whole 10 alginate biosynthetic pathway, including the putative ManC5-E genes (Michel et al, 2010 ).
11
Nonetheless, the predicted function of these brown algal genes has never been biochemically 12 proven until now. Our study reports, for the first time, the heterologous production, refolding 13 and purification of an active ManC5-E, namely MEP13-C5, of brown algal origin. At least for 14 the here reported gene, this result thus validates the hypothesis formulated by Nyvall et al.
15
(2003) twelve years ago. To our knowledge this is also the first characterized enzyme specific 16 of the biosynthesis of a cell wall polysaccharide from brown algae. In our study, low but significant epimerization activity of the algal MEP13-C5 could surprising in the view of the differences that can be identified at the primary sequence level, 8 as illustrated in Figure 6 , although the characteristic active site signature 'DPHD' and the 9 regular features specific of the β-helix fold align well. In the structural sequence alignment 10 one can notice that several residues directly adjacent to the active site, and identified as being Table S1 . For phylogenetic analyses, 10 genes were discarded due to doubtful predicted gene 
Medium throughput screening for cloning and protein expression of the ManC5-Es

9
The ManC5-E genes were tentatively cloned and heterologously expressed using a medium 10 throughput strategy in a microtiter-plate format, as previously described (Groisillier et al. amplified by PCR and using primers incorporating specific restriction sites compatible with Table S2) . From 31 starting genes, 12 were discarded 14 due to either doubtful predicted gene structure or incompatibility with our cloning strategy.
15
The amplification products were cloned into the pFO4 vector (a vector modified from pET15b 16 from Novagen, to be compatible with the BamHI/EcoRI ligation strategy) and the pGEX (GE
17
Healthcare Life Science) vectors, encoding an N-terminal His 6 -tag and a GST-tag, 18 respectively. Recombinant plasmids were used to transform E. coli strains DH5α (Promega).
19
The validated plasmids were used to transform appropriate E. coli strains BL21(DE3) and 20 BL21 (Novagen), respectively. Screening of protein expression was performed at a small-
21
scale range using a 24-well plate format and the auto-inducible ZYP5052 media as described induction (1 mM IPTG final) has been carried out permanently at 37 °C overnight at 180 rpm.
8
After 24 hrs, the cells were analysed by microscopy for the presence of inclusion bodies, 9 which contain the insoluble proteins. Cells were harvested by centrifugation at 6,000 g for 30 10 min and mechanically lysed using a French press.
11
The cell lysate was clarified by ultracentrifugation at 100,000 g during 1 hour. The 12 insoluble protein present in the cell pellet was purified and refolded on-column in a single those that were used in the final step of the refolding procedure. (CDGRAKNEMGECRMDIINS and NHGIIASKRCNNVKIF) were identified and polyclonal 13 antibodies raised in mice against these peptides were purchased from Eurogentech. The Figure S3) . 16 
17
Analysis of protein identity by peptide mass fingerprinting 18 The refolded and purified MEP13-C5 was analysis on a SDS-PAGE gel. Bands at 50 kDa, Non-lyophilized samples, without calcium removal, after treatment with refolded
18
MEP13-C5 were also analysed in a second, indirect, activity assay using the action of a G- The untreated and enzyme-treated alginate samples were prepared as described above. All
5
NMR experiments were performed on a Bruker Avance III spectrometer (Karlsruhe, 
13
The chemical shifts are expressed in parts per million (ppm) downfield from the signal for 3-
14
(trimethylsilyl)propanesulfonate.
15
For the alginate substrate with a M/G ratio of 1.7, four control samples were properties of alginate and cell-wall strengthening. insertion/deletion between the algal clades and the bacterial sequence. 
